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1 Introduction
In RAN2#108 [1], a number of agreements were made on CSI reporting by the MAC layer (see appendix).  In summary, a CSI report is transmitted via a SL MAC CE.  Based on latest RAN2 working assumption, resources for transmission on sidelink (if unavailable) can be obtained by triggering an SR (for mode 1 UE) or by resource selection (for mode 2 UE).
In RAN1#99, RAN1 made a number of agreements on sidelink CSI and sent an LS (R1-1913695) to RAN2 [2].  In that LS, RAN1 provided a number of requirements for the CSI report, including the need to avoid reporting of outdated CQI/RI.  In this contribution, we address these RAN1 requirements.
2 CSI Reporting for NR V2X
In RAN1#99, RAN1 sent an LS to RAN2 defining a number of requirements for CSI reporting at the MAC layer [2]:

Regarding Sidelink CSI Reporting MAC CE agreed in RAN2, in order to avoid reporting an outdated CQI/RI, RAN1 is of the opinion that CQI/RI needs to be sent within a latency bound subject to the availability of its transmission (e.g., prioritization, congestion control, etc.). RAN1 agreed that the latency bound for Sidelink CSI Reporting MAC CE is configurable within a range of 3 – 20 ms, expressed in slots, where RAN1 will decide how the value is configured in the next meeting. RAN1 assumes that any MAC CE based reporting of CQI/RI will follow the same procedure in terms of sidelink resource allocation framework defined by RAN1, i.e. it is expected to be transparent to the physical layer.

Based on RAN1 requirements, a CSI report should be transmitted within a required latency that can range between 3 – 20ms.  Furthermore, the MAC layer should avoid reporting of outdated CQI reports, for example, in cases where the sidelink is congested and/or the sidelink resources cannot meet the latency requirements of the CSI report.  
Observation 1:
RAN1 require sidelink CSI reporting MAC CE to be sent within a latency bound configurable between 3ms and 20ms.

Observation 2:
RAN1 require MAC layer avoids reporting outdated CQI/RI.

In order to avoid reporting outdated CQI, the MAC layer should be aware of the latency bound for to apply to the CQI report.  Determination of this latency bound is still under discussion in RAN1.  Based on latest progress in RAN1 email discussions [3],  one option being discussed is that the TX UE determines this latency bound based on UE implementation, and informs the RX UE via PC5 RRC signalling.  Regardless details decided by RAN1, to satisfy RAN2 requirements, the MAC layer should associated a latency bound value with a triggered CSI report.    
Proposal 1: 
The MAC layer associates a latency bound value (one of N finite values in the range from 3ms to 20ms) to a triggered CSI report.  How the UE associates that value, and the possible values, is pending RAN1 discussion.

The MAC layer then needs to respect the latency bound for transmission of the SL MAC CE that carries the CQI report.  Different scenarios need to be discussed separately for how this is done.

Case 1: No pending SL grants

The first case is when a UE receives a SL CSI report trigger from the PHY layer and has no pending sidelink grants.  This scenario was addressed by the following working assumption in RAN2#108: 

1: 
For mode1 if there is no configured SL-resource, a SL CQI/RI reporting MAC CE may trigger SR and be mapped to zero or one SR configuration. For mode2 if there is no configured SL-resource, the UE will perform resource selection for SL CQI/RI reporting. (Working assumption)

For a mode 1 UE, the network can ensure the latency of the SL CSI report is met by allocating resources according to the latency bound value.  Based on latest discussions in RAN1, the latency bound may depend on the speed of the UE, and should therefore be determined at the UE.  Since the network is unaware of the latency computed at the UE at a given time, it may not know the required latency for scheduling the resources.  
Observation 3:
The latency bound applicable to a CSI report is known/determined at the UE.

If a single SR configuration is used (as in the working assumption), the network may need to always allocate SL grants which meet the worst case 3ms latency.  Reporting of the latency is another option, but may require frequent transmissions by the UE if it changes latency bound often.  A more efficient way would be to have multiple SR configurations where each SR configuration is associated to a different latency at the UE.  The UE can then select the SR configuration associated with the latency bound when the CSI report is triggered.
Proposal 2: 
For mode1 if there is no configured SL-resource, a SL CQI/RI reporting MAC CE may trigger SR and be mapped to zero or multiple SR configurations.  The maximum number of SR configurations is pending further discussion in RAN1.

Proposal 3: 
The UE selects the SR configuration associated to the latency bound of the triggered CSI report.

For mode 2, resource selection based on PDB can be used to ensure the latency requirements of a CSI report are met.  Specifically, if there are no sidelink grants available, the UE can trigger resource selection at the PHY layer, and the PHY layer can provide resources which meet the latency bound.  In the current specifications, the PHY layer uses the the remaining PDB of SL data available for the logical channel(s) allowed on the carrier to determine T2 (i.e. the upper bound of the resource selection window).  To make resource allocation for MAC CE transmission transparent to the PHY layer, the MAC layer can provide the remaining PDB to be used for resource selection from the latency bound value of the CSI report.  With this detail, the second part of the RAN2 working assumption can be confirmed and RAN1 requirements can be met.
Proposal 4: 
For mode 2 if there is no configured SL-resource, the UE will perform resource selection for SL CQI/RI reporting.

Proposal 5: 
The UE determines the PDB to be used for resource selection by the PHY layer from the latency bound value associated to the triggered CSI report.

Case 2: Pending SL grants already exist
The second scenario is when the UE already has pending SL grant.  If the SL grant meets the latency bound of the CQI report, there is no problem..  However, if the current SL grant does not occur within the latency bound of the CQI report, an outdated CQI report would be transmitted.  
Outdated CQI reports in this case can be avoided using similar behaviour at the UE as for the case of new data arriving at the UE.  In mode 2, the UE triggers resource reselection when a SL grant cannot meet the latency requirements of any data in a logical channel.  A similar reselection trigger can therefore be used for CSI reporting.
Proposal 6:
A UE operating in Mode 2 triggers resource (re)selection if transmission of a pending CSI report with the configured sidelink grant(s) cannot fulfill the latency bound associated to the CSI report.  

For mode 1, arrival of data with higher priority than data already in the UE’s buffers triggers a regular SL BSR.  For SL CSI reporting, RAN2 assumed the use SR to trigger network allocation of resources for transmission CSI report.  Therefore, in addition to the case where no SL grants are configured, the UE should also trigger SR when there are existing SL grants (e.g. type 1 or type 2) but these grants do not meet the latency requirements of the CSI report. 
Proposal 7:
A UE operating in Mode 1 triggers SR transmission if transmission of a pending CSI report with the configured sidelink grant(s) cannot fulfill the latency bound associated to the CSI report.  

SL Transmissions Unavailable
As indicated in the RAN1 LS, the latency bound should be respected subject to the availability of its transmission (e.g. priority, congestion control).  In case SL transmissions are temporarily unavailable, delayed transmission of the CSI report should be avoided if the latency bound is exceeded.  

One example called out by RAN1 is the case of congestion control.  In V2X, the maximum amount of selectable resources is configured by upper layers for a given priority of logical channel and measured CBR.  If this value is 0 at the UE (for the measured CBR and highest priority logical channel), the UE may not have any transmission resources for sending SL MAC CE, and the CQI/RI may become outdated.  We see two options on how to avoid this situation:
· Option 1: The UE may associate a set of transmission parameters (e.g. minimum/maximum number of frequency resources, etc) also with a CSI MAC CE, or with a priority associated to the CSI MAC CE.  In this case, the NW can always configure a minimum/maximum number of frequency resources such that the CSI MAC CE can be transmitted with any measured CBR
· Option 2: The UE uses the existing calculation of transmission parameters based on highest priority logical channels and drops any CSI MAC CE that becomes outdated 

Option 1 has a higher specification impact and requires network configuration and specification to guarantee that CSI reports can always be transmitted within the latency bound.  On the other hand, option 2 minimimizes specification impacts and network requirements.  It can also be used to resolve the issue for other example scenarios of unavailable SL transmissions (e.g. due to UL/SL prioritization).  We therefore prefer to go with option 2.
Proposal 8:
A UE cancels a sidelink CSI report if the latency bound associated to a triggered CSI report has been exceeded prior to transmission of the report    

3 Conclusion
In this contribution, the following observation were made on remaining aspects of CSI reporting:
Observation 1:
RAN1 require sidelink CSI reporting MAC CE to be sent within a latency bound configurable between 3ms and 20ms.

Observation 2:
RAN1 require MAC layer avoids reporting outdated CQI/RI.

Observation 3:
The latency bound applicable to a CSI report is known/determined at the UE.

Based on these observations, the following conclusions were made:

Proposal 1: 
The MAC layer associates a latency bound value (one of N finite values in the range from 3ms to 20ms) to a triggered CSI report.  How the UE associates that value, and the possible values, is pending RAN1 discussion.

Proposal 2: 
For mode1 if there is no configured SL-resource, a SL CQI/RI reporting MAC CE may trigger SR and be mapped to zero or multiple SR configurations.  The maximum number of SR configurations is pending further discussion in RAN1.

Proposal 3: 
The UE selects the SR configuration associated to the latency bound of the triggered CSI report.

Proposal 4: 
For mode 2 if there is no configured SL-resource, the UE will perform resource selection for SL CQI/RI reporting.

Proposal 5: 
The UE determines the PDB to be used for resource selection by the PHY layer from the latency bound value associated to the triggered CSI report.

Proposal 6:
A UE operating in Mode 2 triggers resource (re)selection if transmission of a pending CSI report with the configured sidelink grant(s) cannot fulfil the latency bound associated to the CSI report.  

Proposal 7:
A UE operating in Mode 1 triggers SR transmission if transmission of a pending CSI report with the configured sidelink grant(s) cannot fulfil the latency bound associated to the CSI report.  

Proposal 8:
A UE cancels a sidelink CSI report if the latency bound associated to a triggered CSI report has been exceeded prior to transmission of the report    
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5 Appendix – RAN1/RAN2 Agreements on CSI Reporting 
RAN2#108 Agreements [1]:

Agreements on CSI report: 
1: 
Reporting SL CSI via MAC CE (with one OCTET) identified by new LCID.

2:
RAN2 assumes 1-bit RI and a single 4-bits for CQI based on Uu and will ask RAN1 if ok.

3:
CSI reporting MAC CE report is triggered by indication from lower layer.
4:
CSI report event shall be cancelled if the CSI report has been transmitted. CSI report is one-shot transmission. 
Agreements on CSI report: 
1: 
For mode1 if there is no configured SL-resource, a SL CQI/RI reporting MAC CE may trigger SR and be mapped to zero or one SR configuration. For mode2 if there is no configured SL-resource, the UE will perform resource selection for SL CQI/RI reporting. (Working assumption)

2a:
Fixed priority for SL MAC CE. 

2b: 
Prioritization rule for data can be reused for this SL MAC CE.

Agreements on CSI report: 
1: 
CSI report MAC CE can only be multiplexed with transmissions for the same unicast link (e.g. having same source and destination L2 IDs)
2:
CSI report MAC CE is prioritized between PC5-RRC/S and SL data LCHs in SL LCP.
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